Cucumber mosaic virus (CMV) strain Y from Japan was propagated in Xanthi tobacco. Virus isolated from four successive passages was analysed for its constituent RNAs by polyacrylamide gel electrophoresis (PAGE) under semi-denaturing and fully denaturing conditions. This revealed the initial presence of the 368-nucleotide satellite RNA Y-CARNA 5 (for Y-CMV-associated RNA 5) and the subsequent emergence of a small RNA in the 335-nucleotide size range, which we termed Yn-CARNA 5.
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to 162 in D-CARNA 5 to one encompassing positions 96 to 196 in Y-CARNA 5 (Hidaka et al., 1984) , all this apparently without affecting the necrosis-inducing ability of CARNA 5 in tomato. Similar massive differences from Y-CARNA 5 can be observed in the corresponding regions of the satellite RNAs of CMV strains 1, Q and S, while the remainder of their sequences, like D-CARNA 5, have retained more than 90~ sequence homology (Avila-Rincon et al., 1986) .
That such far-reaching changes in part of the structure of D-CARNA 5 do not affect the necrogenic capability of this molecule, whereas much lesser differences, as in the CARNA 5 species of CMV strains 1, Q and S, do (Avila-Rincon et al., 1986) , seems contradictory. Also, assigning the property of tomato necrosis induction to specific satellites requires considerable caution, and perhaps a more precise definition of the term. Frequently, two or more CARNA 5 variants may coexist in a given CMV preparation (Kaper, 1983; Garcia-Luque et al., 1984; Avila-Rincon et al., 1986) , which could result in an incorrect assignment of a biological property belonging to a CARNA 5 species present in minor proportion in the mixture. Defining tomato necrosis as the disease where, under well specified inoculation conditions of Rutgers tomato plants (Lycopersicon esculentum Mill cv. Rutgers), death results in about 20 days (see Table 1 ), we decided to reinvestigate CMV strain Y and the satellite(s) it contains. We report here that highly purified preparations of Y-CARNA 5, obtained by electrophoretic fractionation and elution from semi-denaturing polyacrylamide gels, do not induce lethal necrosis in tomato when co-inoculated with the genomic RNAs of CMV-Y, or with the genomic RNAs of CMV-1, an early U.S. isolate (see Kaper et al., 1981) .
A lyophilized preparation of CMV-Y (provided by Dr K. Hanada, National Agricultural Research Center, Tsukuba, Japan) was suspended in 0.03 M-NazHPO4 and inoculated to young tobacco (Nicotiana tabacum L. cv. Xanthi-nc) plants with three well developed leaves, and tomato seedlings at the cotyledon stage. The infected plants were maintained in growth chambers at 25 °C with a photoperiod of 16 h and a light intensity of 11000 lx under isolation conditions as previously described (Garcia-Luque et al., 1984) . In tobacco, chlorotic lesions were observed 3 days after inoculation, and systemic vein clearing followed by a brilliant yellow chlorosis appeared on newly developed leaves 5 to 6 days after inoculation. In tomato, cotyledons developed localized necrosis about 5 days after inoculation and systemic chlorosis on newly developed leaves about 8 days after inoculation. These plants did not die, however, even 20 days or longer after infection. Tissue from infected tobacco, triturated in 0.03 M-NazHPO4, was inoculated to a new batch of tobacco plants and was also applied to tomato seedlings. These inoculations were repeated at approximately weekly intervals with tissue from each new tobacco infection. They thus became a serial passage line of CMV-Y in tobacco with the tissues from each passage being tested in tomato for the presence of a necrogenic or n-CARNA 5. Whereas no conspicuous changes in symptoms were observed in tobacco from one passage to the next, in the tomato assay tissue extracts from the third tobacco passage onward produced systemic necrosis and epinasty after 10 to 11 days, which resulted in death of the plants about 14 days after inoculation.
CMV-Y was isolated and purified from the tissues of the second, third, fourth and sixth passage in tobacco. Particles were dissociated with 1 ~ SDS and the constituent RNAs were analysed by electrophoresis in 2~ polyacrylamide-0.5~ agarose composite gels. The methodology for these manipulations has been described or cited in Kaper et al. (1981) . Characteristic CMV RNA patterns containing an extimated 30~ of CARNA 5 were found for all four virus preparations. The RNAs in the four preparations were phenol-extracted, then denatured and subjected to electrophoresis in 9 ~ polyacrylamide gels (acrylamide :bisacrylamide 39:1) in the presence of 8 M-urea at 32 °C (low voltage), and at 55 °C (high voltage) as described previously (Kaper et al., 1981) . The 32 °C conditions are semi-denaturing and allow separation of CARNA 5 species of about the same length (but presumably different conformation); the 55 °C conditions are more fully denaturing and allow separation of CARNA 5 species on the basis of molecular size.
Results of the RNA analyses (Fig. 1) show that under semi-denaturing conditions (a) the virus preparation YX2 from the second Xanthi tobacco passage contained predominantly one CARNA 5 species which had the electrophoretic mobility of the marker I-CARNA 5. However, in virus preparation YX3 from the third passage a second C A R N A 5 was present which co-electrophoresed with the marker D -C A R N A 5 (which is necrogenic). Virus preparation YX4 from the fourth passage contained this faster migrating C A R N A 5 in even larger amounts, and in virus preparation YX6 it was the only C A R N A 5 species detectable. To obtain more information about the molecular size of the two C A R N A 5 species in CMV-Y, the same four virus preparations were also analysed under more fully denaturing conditions. For further characterization of the two CARNA 5 variants, the genomic RNA 1, 2, 3 and CARNA 5 fractions of CMV-Y preparations YX3 and YX4 (Fig. 1) were separated by several cycles of sucrose gradient centrifugation (Kaper et al., 1976) . The CARNA 5 fractions were subjected to preparative PAGE in 9% gels under semi-denaturing conditions, and the two CARNA 5 bands were visualized by exposing polycontrast photographic paper covered with the gel to u.v. light (Clarke et al., 1982) . After excision of the bands the CARNA 5 species were eluted essentially according to Maxam & Gilbert (1980) , but with omission of Mg 2+ ions from the elution buffer. This gel fractionation-and-elution was repeated at least once more, which rendered the satellites sufficiently pure so that cross-contamination was not visible after electrophoresis in 9% polyacrylamide gel (results not shown).
The dideoxy sequencing method as applied previously to brome mosaic viral RNAs (Ahlquist et al., 1981) , and modified from the manufacturer's suggestions by replacing [~-32p]dATP with [ct-35S]dATP (New England Nuclear), was used to characterize the eluted satellites. Reverse transcription reactions were primed with d(GGGTCCTG), which was manually synthesized using the phosphotriester method (New England Biolabs). For Y-CARNA 5 a partial nucleotide sequence encompassing positions 85 to 349 was obtained. This sequence corroborated, with only three possible differences (positions 161, 167 and 173), the published sequence (Hidaka et al., 1984) . It was large enough to encompass the critical region 96 to 196 (see above), and therefore provided unambiguous identification of the molecule as Y-CARNA 5. The sequence of the eluted Yn-CARNA 5 was determined in its entirety, and was found to be 334 nucleotides long with differences from the D-CARNA 5 sequence (Richards et al., 1978) in D-CARNA 5 positions 218 (C for U), 224 (deletion of U), 225 (A for U), 226 (A for U), 229 (G for U), 245 (A for U) and 327 (A for G). The fact that all these changes were in the right (3') half of the molecule is consistent with the necrogenic character of the molecule (unpublished work), as shown below.
Y-CARNA 5 and Yn-CARNA 5 were each tested for their necrogenic capability in the presence of the highly purified genomic RNA fractions of two CMV helper strains, using a dilution endpoint tomato necrosis assay in which D-CARNA 5 served as the necrogenic standard . Table 1 
